protocol in which the memory of courtship conditioning steps of courtship, including orientation, following, tapping, wing extension, licking, and attempted and/or sucpersists for 9 days, we have defined a requirement for cessful copulation (Hall, 1994) . In parallel tests of control the MBs in long-term memory of courtship conditioning. males, 44 of 46 performed all of these behaviors. Furthermore, HU treatment did not affect the amount of Results
courtship activity of naive males, as measured by the courtship index ([CI], see the Experimental Procedures). Naive Courtship Behavior in HU-Treated Males
In tests with virgin females, the mean CI (Ϯ SEM) of It was necessary to determine whether naive courtship naive, HU-treated, Oregon-R males (58 Ϯ 3, N ϭ 28) behavior was affected by HU treatment. When Oregon-R was not different (p ϭ 0.20) from that of naive controls males were observed in individual pairings with virgin (65 Ϯ 4, N ϭ 36). Other males were paired with females Oregon-R females, 36 of 37 males that had been fed that had been immobilized by decapitation, to test for the possibility that behaving females might compensate HU as newly hatched larvae displayed all the defined for differential behavior between HU-treated and control males. Using 4-day-old naive Oregon-R males and decapitated Oregon-R virgin females, the mean CI (Ϯ SEM) was 58 Ϯ 8 (N ϭ 20) for HU-treated males and 58 Ϯ 6 (N ϭ 20) for control males (p ϭ 0.99). Similar results were obtained with other strains, for example, males heterozygous for an MB-specific pGAL4 insert (30Y) and a UAS-lacZ reporter (Brand and Perrimon, 1993; Yang et al., 1995), which were used in some experiments to facilitate histological analyses. The mean CI (Ϯ SEM) of these control males (84 Ϯ 3, N ϭ 20) was not different (p ϭ 0.61) from that of their HU-treated brothers (82 Ϯ 2, N ϭ 20). Finally, in a series of age-matched comparisons of naive courtship between 4 and 12 days after eclosion, there were no differences between the CIs of HU-treated and control males at any age (e.g., Figure  3 ; data for HU groups not shown). Thus, in the absence of courtship conditioning, HU-treated and control males spent the same amount of time engaged in courtship behavior toward virgin females.
Effects of Mushroom Body Ablation on Conditioned Courtship Suppression
Two short-term memory (STM) experiments were conducted on males of different genotypes: males heterozygous for pGAL4(30Y) and UAS-lacZ, and wild-type Oregon-R. After blind behavioral testing, all males were cataloged and fixed and then processed for histological analysis. A blinded observer evaluated the extent of the ablations of the MB calyces as well as the selectivity of 
Effects of Antennal Lobe Ablations on Short-Term Memory
In agreement with the observations of deBelle and Heisenberg (1994), the ALs were detectably smaller than normal in some HU-treated flies. To evaluate the possibility that the STM deficits in HU-treated flies were related to a requirement for intact ALs, the degree of AL damage in all trained males from the STM experiments was evaluated by a blinded observer ( Figures 1I and 1J) . In many HU-treated flies, the AL morphology appeared completely normal ( Figure 1I ); in most HU-treated males, however, the ALs were detectably smaller than control ALs ( Figure 1J ), typically appearing to be about threefourths normal size.
The behavioral results for each group of HU-treated flies were segregated into those with "normal ALs" and those with "reduced ALs" (Figure 3 ). In both experiments, at 0 min after training, the CIs of HU-treated males with either normal or reduced ALs were the same 
Long-Term Memory of Courtship Conditioning
Twelve novel modifications of the courtship conditioning paired with a mated female for three 1 hr periods and isolated for 30-60 min between each pairing. In the 5 paradigm were evaluated for their effectiveness in establishing long-term memory (LTM). Two protocols hr training protocol, a virgin male was paired with a mated female for 5 hr without interruption (see the Exyielded clear evidence of memory lasting 5 or more days. These protocols were originally tested with y per 01 w perimental Procedures). Males trained by either of these protocols displayed a 50%-60% decrease in mean CIs males (Table 1) and later confirmed for other genotypes (see below). None of these mutations produce deficits at 5 days after training, when compared with agematched naive males (Table 1) . The mean CIs remained in learning and memory (Gailey et al., 1991) ; their effects on courtship behavior (see the Experimental Procedepressed at the same level when tested 9 days after training ( Table 1 ), indicating that LTM was established dures; reviewed by Hall, 1994) would be expected to result in relatively low CIs for naive males (Table 1) .
by either three 1 hr pairings or one continous 5 hr pairing with a mated female. Ten other training protocols were In the 3 ϫ 1 hr training protocol, a virgin male was CIs of trained and age-matched naive males were determined 5 and 9 days after training. impairs a male's immediate recall after the 5 hr training. 
